Introduction
Although modulated molecular beam mass spectrometry is a useful technique for the study of gas-surface reaction kinetics(l), it is incapable of directly determining the identity and the time~dependent concentrations of reaction intermediates on the surface. Rather, this information is deduced from a reaction model constructed to fit the modulation frequency, temperature and pressure dependence of the reactant and reaction product signals measured by a mass spectrometer. generally result in high surface concentrations and slow product desorption, a situation best suited to AES. At high temperatures, on the other hand, surface concentrations tend to be low and the reaction rapid. This combination is best exploited by mass spectrometric detection of the desorbed products. The AES and mass spectrometric measurements consist of both amplitude and phase, and because they probe different aspects of the reaction, provide complementary but independent data from which the mechanism can be deduced.
We demonstrate the utility of this combination by an AES study of a gas-solid reaction (molybdenum oxidation) which has previously been investigated by modulated mo'lecular beam mass spectrometry(3). ·The approach is to measure n(r,t) = n 0 (r) + ~(r)eiwt ( 1 ) where r is the radial position on the grain surface, which has been modeled as a circle. Applying the surface mass balance for oxygen adatoms on the grain surface as developed by Ullman and Madix, the steady-state component is found to be:
where n is the o 2 sticking probability and I is the incident molecular beam intensity. Because the spatial resolution of the AES system is low, the measurement represents the average oxygen concentration over the surface of the grain, which can be obtained theoretically from Eq(2):
1v1 1ng(n 0 y e ens1 yo mo y enum atoms on t e surface v (4)) gives a theoretical coverage of"" 2%~ which is in fair agreement with the experimental value of"" 5%. 
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The average of Eq(4) over the circle representing the grain is obtained from: a (il>= ~ J r 'il(r) dr a 0 which we do not explicitly display here.
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The calculatedphase and amplitude of<.n> are shown in Fig. 2 as solid lines. Both the absolute phase lag prediction and the shape of the theoretical amplitude are in excellent agreement with the AES data over a a factor of 10 variation of beam modulation frequency.
We also show as the dashed curve in Fig. 2 the calculated value of the phase of the oxygen adatom concentration at the gr~in boundary (i.e.,
"' the limit of the phase lag of n(r) as r +a). Because reaction at the grain boundary and subsequent desorption are rapid compared with diffusion over the grain surface, this phase lag should be identical to the product desorption phase lag deduced theoretically by Ullman and Madix(3) -that is, the dashed curve in Fig. 2 is the same as the theoretical curve in It is apparent that an Auger system with high spatial resolution (microns rather than millimeters) would permit similar measurements to be made locally on the reacting surface. Such a capability could be very valuable in some reactions on heterogeneous surfaces.
Figure Captions -10- 
